The logistic model is commonly used for analysis of discrete, multinomial data. Such a model was used for the statistical evaluation of data concerning infection of field pea varieties by downy mildew, in two series of field trials. Each series consisted of experiments performed in locations spread over the whole of Poland in the time period from 2002 to 2005. Varieties cultivated on light soils were compared in the first series, and varieties cultivated on rich soils in the second. The most resistant varieties were identified (Sokolik -light soils, Terno -rich soils) and significant differences among varieties were detected. Estimators of model parameters were found using the Fisher scoring method implemented in logistic glm procedure of the SAS system.
INTRODUCTION
Downy mildew is a fungal disease which commonly occurs in Poland (Sadowski et al. 1997; Boros and Marcinkowska 2010) as well as all over the world. It occurs on maize populations (Ajala et al. 2003) , on sunflower (Panković et al. 2007 ), on brassica juncea (Nashaat et al. 2004) , and in particular on peas (Stegmark 1990; Stegmark 1994) . Downy mildew is caused by a pathogen named Peronospora viciae (Berk.) Casp. f. sp. pisi Sydow. Because of the early time of infection, its consequences can have a considerable influence on yields. It is especially important when the level of infection is severe. High humidity and low temperatures are favorable for the pathogen's appearing in the period before and during blossoming. The type of study we performed, which covered the whole area of Poland, had been not previously carried out. The susceptibility of the varieties before and after their registration had not been identified either. These issues therefore, are worthy of attention.
The main goal of the research was to identify the susceptibility of field pea varieties to downy mildew. This susceptibility was tested in the registration trials. The secondary goal was to identify the most favorable locations (within the studied years) for downy mildew.
MATERIALS AND METHODS
Evaluation of infection by downy mildew was performed in field trials at the blossoming stage. Importantly, the evaluation throughout all years and sites of testing was performed by the same phytopathologist, and therefore the results are free of rater bias. The intensity of downy mildew infection was assessed on each plot using a scale from 0 to 5.
A logistic model was used as the statistical tool for the data analysis. This approach made it possible to compare infection resistance by different varieties of field pea to downy mildew (Bakinowska and Kala 2007; Bocianowski et al. 2008; Czerniak et al. 2009 ).
Soil requirement observations were carried out for two groups of field pea varieties. The first group consists of varieties cultivated on rich soils, and the second of varieties cultivated on light soils. The varieties were tested in the years [2002] [2003] [2004] [2005] . The trials took place at 12 testing stations in Poland belonging to the Research Centre for Cultivar Testing (Fig. 1) . The considered groups of varieties were generally examined at different sites; only in two stations were both groups tested. All trials were conducted in a randomized complete block design with 5 replicates.
Many varieties were examined throughout all the testing years. Only those with three-year results were chosen for the current analysis. Finally, 14 varieties cultivated on rich soils (in all trials) and 7 cultivated on light soils (in all trials) were chosen. Results from 10 sites were taken for the analysis which was independent of the testing years (Figs. 2, 3 ). The differences in degree of infection among the tested varieties was the main criterion for accepting the results from a particular site. In some trials, the degree of infection did not differentiate between varieties at all (all varieties received the same score) or the differences in the degree of infection was very weak (maximum Fig. 1 . Testing stations where trials on field pea cultivars were carried out difference of 1 in the score). In order to have better differentiation among varieties, trials showing such a small difference were excluded from the analyzed set of data. In the analysis, no particular factors describing the experimental environment were introduced. Only the cumulative influence of many factors (type of soil, precipitation level, temperature) within particular sites (among years), are preset in the applied model.
Because the observed units (plots) are classified according to an ordinal scale, the logistic model (Agresti 1984; Grizzle et al. 1969; McCullagh and Nelder 1989) can be applied for the data analysis. The marginal model can be written in the following form (Miller et al. 1993; Bakinowska and Kala 2007; Halekoh et al. 2006) : (1) where:
-the border (cutpoint) of the j-th category, k -number of categories, -the effect of the i-th object (variety or trial), s -the number of observed objects.
So + is the cutpoint of the j-th category for the i-th object and is the j-th cumulative probability corresponding to units of the i-th object The set of equations (1) can be written in compact form as (2) where:
and denotes the vector of cutpoints (borders of successive categories).
The estimates of unknown parameters in model (2) can be obtained using the maximum likelihood method. The main difficulty is solving the maximum likelihood equation, which is non-linear. The solution can be obtained using iterative methods (McCullagh and Nelder 1989; McCulloch and Searle 2001) .
One of these methods is known as the Newton-Raphson method (N-R) and is based on the Hessian matrix of likelihood function. This method is simplified if the matrix of second derivatives of the likelihood function is replaced by its expectation, which leads to the Fisher information matrix. This approach is known as the Fisher scoring method (FS) (McCulloch and Searle 2001; Bakinowska 2004) .
To test the hypothesis
Wald's statistic can be used. Wald's test statistic has the following form and has approximate distribution (p being the order of β * ), where is an estimate of β, and is the information matrix of (Agresti 1984; McCulloch and Searle 2001 ). Fig. 2 . Varieties, sites and years of the light soils, and also shown are the shaded trials which were included in the analysis Fig. 3 . Varieties, sites and years of the rich soils, and also shown are the shaded trials which were included in the analysis All analyses were performed using SAS software (Statistical Analysis System, SAS Inst. 1997). The estimates were found using the Fisher scoring procedure. The results from 10 sites in three years were selected for analysis (7 varieties cultivated on light soils and 14 cultivated on rich soils were included).
T1-T10 -Trials

RESULTS
Light Soils
The first analysis entailed the comparison of 6 varieties with the variety Hubal, which was indicated as the standard variety by crop experts. The obtained estimates of unknown parameters and values of Wald's statistic are presented in table 1. In the last column of this table the p-values are given. Based on the results obtained, we can draw the conclusion that only the variety Koliber does not differ significantly (at α = 0.01) from Hubal with respect to level of infection by downy mildew.
In table 2 , the values of probabilities and cumulative probabilities are presented. In the upper part of that table, for example, the entry 0.307 (for the variety in column V3 -Pomorska -and row γ 1 ) denotes that the probability that this variety will receive a score not larger than 1 is 0.307. Similarly, the value 0.847 (in row γ 2 ) for the same variety means that the probability of receiving a score not larger than 2 is 0.847, and so on. In the lower part of the table, the probabilities of the assignment of each variety to particular categories are presented. For example, the entry 0.556 (variety V6 -Zagłoba -in row π 2 ) denotes that the average probability of the assignment of this variety to category 3 is 0.556.
Comparing the probabilities and cumulative probabilities in table 2, we can conclude that the variety Sokolik is the best in terms of resistance to infection by downy mildew. The variety Pomorska is also resistant. On the other hand, Koliber and Hubal belong to the most susceptible varieties.
The next analysis concerns the comparison of trials. The results are given in tables 3 and 4. The level of infection in trials T1, T4 and T5 differs significantly from that in trial T10. The highest infection appeared in trial T1, the lowest in trial T7.
The detailed interpretation of the results in these tables is similar to the interpretation of the data in table 1 and 2. For example, the value 0.620 in column T1 and row π 3 of table 4 means that 0.620 is the probability that this location will receive an average score of 3. T1  T2  T3  T4  T5  T6  T7  T8  T9 In table 6 , the values of probabilities and cumulative probabilities are presented. In the upper part of that table, for example, the entry 0.543 (for the variety in column V4 -Kolia -and row γ 2 ) denotes that the probability that this variety will receive a score not larger than 2 is 0.543. Similarly, the value 0.942 (in row γ 3 ) for the same variety means that the probability of receiving a score not larger than 3 is 0.942, and so on. In the lower part of this table, the probabilities of the assignment of each variety to particular categories are presented. For example, the entry 0.274 (variety V9 -Set -in row π 3 denotes that the average probability of assignment of this variety to category 4 is 0.274.
Comparing the probabilities and cumulative probabilities in table 6 we can conclude that the varieties Terno and Phoenix are the best in terms of resistance to infection by downy mildew. The most susceptible were varieties Ramrod and Turkus.
The next analysis concerns the comparison of trials. The results are given in tables 7 and 8. The level of infection in trials T2, T3 and T6 did not differ significantly from that in trial T10. The highest infection appeared in trials T1 and T2, the lowest in trials T7 and T9.
The detailed interpretation of the results in these tables is similar to the interpretation of data in tables 5, 6 and 7, and tables 3-4 for light soils. 
CONCLUSIONS
Not all available data were used in the analysis. The chosen subset of the data was constructed in a way that made it possible to highlight the differences among varieties in their resistance to the downy mildew pathogen. However, because the effects of locations and years were treated as fixed, the conclusions are limited to circumstances (environments) covered by the locations and years used in the analysis. To draw more general conclusions, it is necessary to treat locations (and years) as random factors. This will be the next stage of our research. Nevertheless, under this rather simple model, some differences in the resistance of varieties to downy mildew were detected. Obtained results are, to wide extent, in accordance with the results published by The Research Centre for Cultivar Testing (Osiecka COBORU 2011) . Nevertheless, a direct comparison of our results with the results published by COBORU is impossible, as their results are from the years 2008 to 2010. Another difference is that they used a nine degree scale -from 9 to 1, while in our research the phytopatological scale from 0 to 5 was applied. But the ranking of the common subset of varieties is quite similar. Hence, the applied method proved its usefulness. When interest is focused on the occurrence of downy mildew across the country, the whole set of data is more suitable than the subset used here. Such an analysis is planned for the near future.
